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(57) ABSTRACT 

Apaddle is connected to an electricity supplying apparatus 
by a cable. The paddle is inserted into a receptacle located 
in a vehicle for charging a battery in the vehicle. Acontainer, 
Which is made of conductive resin, is located in the paddle 
to surround lines separated from the cable. Conductive 
plating layers are formed on the inner surface of the con 
tainer. Noise radiated from the lines is absorbed by the 
plating layers and converted into a noise current. The noise 
current is conducted to a grounding member of the electric 
ity supplying apparatus through a shield located in the cable. 
The noise current is also conducted to a grounding member 
of the vehicle through the receptacle. The plating layers 
permit the noise current to smoothly ?oW. 

20 Claims, 8 Drawing Sheets 
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CHARGING PADDLE 

BACKGROUND OF THE INVENTION 

The present invention relates to a charging paddle of an 
inductive charger coupling, more particularly, to a noise 
reduction structure of a charging paddle. An inductive 
charger coupling typically includes a receptacle and a charg 
ing paddle, Which supplies electricity to the receptacle from 
a poWer source. 

FIG. 8 illustrates an inductive charger coupling, Which 
includes a charging paddle 1 and a receptacle 6. The paddle 
1 is attached to the distal end of a cable 3, Which is connected 
to an electricity supplying apparatus 2. The receptacle 6 is 
located in an electric vehicle 5, Which has a battery 4. As 
shoWn by dotted line in FIG. 8, the paddle 1 is plugged into 
the receptacle 6. The battery 4 is charged by electromagnetic 
induction betWeen a coil in the paddle 1 and a coil in the 
receptacle 6. 
When electricity is supplied from the electricity supplying 

apparatus 2 to the battery 4 through the paddle 1 and the 
receptacle 6, radiation noise is produced by the coils of the 
paddle 1 and the receptacle 6. The radiation noise adversely 
affects communication devices and other devices. To prevent 
radiation noise from escaping from the receptacle 6, the 
receptacle 6 is made of aluminum. Also, the paddle 1 has 
shielding member made of conductive resin. When the 
paddle 1 is plugged into the receptacle 6, the shielding 
member closes the opening of the receptacle 6. A plurality 
of conductive terminals are arranged at the opening of the 
receptacle 6. When the paddle 1 is in the receptacle 6, the 
terminals contact the shielding member. Radiation noise is 
absorbed by the shielding member, Which is made of con 
ductive resin, and is converted into a noise current. The 
noise current ?oWs from the shielding member to a vehicle 
grounding terminal through the conductive terminals. 

HoWever, the shielding member has a relatively high 
resistance. Thus, the noise current ?oWing through the 
shielding member is limited, Which hinders noise preven 
tion. 

SUMMARY OF THE INVENTION 

Accordingly, it is an objective of the present invention to 
provide a charging paddle that effectively prevents radiation 
noise from escaping. 

To achieve the foregoing and other objective and in 
accordance With the purpose of the present invention, a 
paddle of an inductive charger coupling is provided. The 
paddle is connected to a poWer source through a poWer line. 
Part of the poWer line is located in the paddle. The paddle is 
inserted into an opening of a receptacle for supplying 
electricity to a receptacle. The paddle includes a case, a 
conductive metal member and a conductor. The conductive 
metal member is located in the case. The conductive metal 
member absorbs noise radiated from the poWer line in the 
paddle and converts the absorbed noise into a noise current. 
The conductor conducts the noise current to the outside of 
the paddle. The conductor is electrically connected to the 
conductive metal member in the paddle. 

Other aspects and advantages of the invention Will 
become apparent from the folloWing description, taken in 
conjunction With the accompanying draWings, illustrating by 
Way of eXample the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together With objects and advantages 
thereof, may best be understood by reference to the follow 
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2 
ing description of the presently preferred embodiments 
together With the accompanying draWings in Which: 

FIG. 1 is a cross-sectional vieW illustrating an inductive 
charger coupling according to a ?rst embodiment of the 
present invention; 

FIG. 1A is a diagrammatic side vieW illustrating an 
electricity supplying apparatus; 

FIG. 2 is a cross-sectional vieW illustrating the charging 
paddle of the charger coupling shoWn in FIG. 1; 

FIG. 2A is an enlarged cross-sectional vieW of the portion 
2A of FIG. 2; 

FIG. 2B is an enlarged cross-sectional vieW of FIG. 2; 

FIG. 3 is a cross-sectional vieW illustrating one of the 
casing members of the charging paddle shoWn in FIG. 2; 

FIG. 4 is a cross-sectional vieW taken along line 4—4 of 
FIG. 2; 

FIG. 5 is a cross-sectional vieW taken along line 5—5 of 
FIG. 2; 

FIG. 6 is a partial cross-sectional vieW illustrating a 
casing members of a charging paddle according to a second 
embodiment of the present invention; 

FIG. 7 is a partial cross-sectional vieW illustrating the 
other casing member of the charging paddle shoWn in FIG.6; 
and 

FIG. 8 is a perspective vieW illustrating a prior art charger 
coupling for an electric vehicle. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A ?rst embodiment of the present invention Will noW be 
described With reference to FIGS. 1 to 5. 

FIG. 1 illustrates a charger coupling according to the ?rst 
embodiment. The coupling includes a receptacle 10 and a 
paddle 11. In FIG. 1, the paddle 11 is plugged into the 
receptacle 10. An electricity reception coil 37 of the recep 
tacle 10 is electrically connected to a vehicle battery (not 
shoWn). The paddle 11 includes a casing 12. The casing 12 
is formed by ?rst and second resin casing members 13, 14, 
Which are Welded to each other. As shoWn in FIGS. 2 and 3, 
the casing 12 includes a grip 121 and a plug portion 122. A 
ferrite core 15 is ?tted in a hole 123 of the plug portion 122. 
The paddle 11 is connected to a shielded charging cable 16. 
The cable 16 extends from a poWer source, Which is an 
electricity supplying apparatus 42. Part of the cable 16 is 
located in the grip 121. PoWer lines 161, 162 in the cable 16 
eXtend through the grip 121 and are Wound about the ferrite 
core 15, Which is located in the plug portion 122. 
A substrate 17 and an antenna 20 are located on the inner 

surface of the ?rst casing member 13 in the plug portion 122. 
The antenna 20 is electrically connected to a signal line 164, 
Which is used for radio communication. An infrared sensor 
18 and a communication circuit 19 are mounted on the 
substrate 17. The communication circuit 19 activates the 
infrared sensor 18. The substrate 17, the infrared sensor 18 
and the communication circuit 19 form an infrared 
transmitter-receiver. The communication circuit 19 is con 
nected to a signal line 163, Which is used for infrared 
communication. The signal lines 163, 164 are included in the 
cable 16. As shoWn in FIGS. 2 and 3, magnets 21, 22 are 
located in the plug portion 122. The magnets 21, 22 are used 
for detecting that the paddle 11 is inserted into the receptacle 
10. 
As shoWn in FIGS. 2, 3, 4 and 6, the ?rst casing member 

13 and the second casing member 14 include ?rst and second 
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conductive resin inner covers 23, 26, respectively. The inner 
covers 23, 26 form a conductive nonmetal member, Which is 
a container 33 in this embodiment, and are located in part of 
the grip 121 adjacent to the plug portion 122. As shoWn in 
FIG. 4, the inner covers 23, 26 are integrated With the other 
parts of the casing members 13, 14 (shoWn by rectangles in 
FIG. 4) by insert molding. The inner covers 23, 26 form part 
of the casing members 13, 14 and are eXposed to form 
terminals. The ?rst inner cover 23 includes a panel 24 and 
a frame 25. The frame 25 is perpendicular to the panel 24. 
Anotch 251 for receiving the cable 16 is formed in the frame 
25. Like the ?rst inner cover 23, the second inner cover 26 
includes a panel 27 and a frame 28. A notch 281 for 
receiving the cable 16 is formed in the frame 28. The shape 
and the siZe of the ?rst frame 25 are substantially the same 
as those of the second frame 28. As shoWn in FIG. 4, the 
frames 25, 28 contact each other When the casing members 
13, 14 are integrated. The edge of the frame 25 and the edge 
of the frame 28 are Welded to each other. The ?rst and 
second inner covers 23, 26 form the container 33. 
A clamp seat 30 is integrally formed With the ?rst inner 

cover 23. A conductive metal clamp 31 is attached to the 
clamp seat 30 by a screW 32. The clamp 31 holds the cable 
16, Which determines the position of the cable 16 in the grip 
121. The cable 16 enters the container 33 through the 
opening de?ned by the notches 251, 281, Which are formed 
in the frames 25, 28 (see FIG. 7). The clamp 31 is electri 
cally connected to a conductive shield layer 165, Which 
coats the cable 16. The shield layer 165 is connected to a 
grounding terminal (not shoWn) of the electricity supplying 
apparatus 42. 
As shoWn in FIGS. 2 to 2B, the poWer lines 161, 162 and 

the signal lines 163, 164, Which are included in the cable 16, 
separate in the container 33. As shoWn in FIG. 2B, notches 
252, 253, 254, 255 are formed in a Wall 25A of the frame 25, 
Which is adjacent to the plug portion 122. Also, four notches 
are formed in a Wall 28A of the frame 28, Which is adjacent 
to the plug portion 122. The notches in the Wall 28A 
correspond to each of the notches 252 to 255. The notches 
252 to 255 and the corresponding notches determine the 
positions of the lines 161 to 164. Speci?cally, the poWer 
lines 161, 162 are received by the notches 252, 253 and the 
corresponding notches, respectively. The signal lines 163, 
164 are received by the notches 254, 255 and the corre 
sponding notches, respectively. As shoWn in FIG. 2, the 
signal line 164 is connected to the antenna 20. 
As shoWn in FIG. 1, the receptacle 10 includes an 

aluminum casing 34. A resin inner support 35 is located in 
the casing 34. The inner support 35 holds a ferrite core unit 
36. The core unit 36 includes a pair of cores 361, 362. The 
reception coil 37 is Wound about the core 361. FIG. 1 
illustrates a state in Which the paddle 11 is completely 
inserted into a cavity 101 of the receptacle 10 through an 
opening 102. In this state, the ferrite core 15 of the paddle 
11 is aligned With the cores 361, 362 of the receptacle 10. 
When electric current is supplied to the poWer lines 161, 
162, the vehicle battery is charged. In FIG. 1, the Wall 25A 
of the frame 25 and the Wall 28A of the frame 28 are located 
in the opening 102. The resin inner covers 23, 26 substan 
tially close the opening 102. 

Aplurality of conductive metal terminals 341 are located 
in the Wall of the opening 102. In the state of FIG. 1, the 
terminals 341 elastically contact the eXposed portions of the 
inner covers 23, 26. The casing 34 is electrically connected 
to a vehicle grounding terminal (not shoWn). 
As shoWn in FIGS. 2, 2A and 3, a conductive metal 

member, Which includes ?rst and second conductive metal 
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4 
plating layers 45, 46, is formed on part of the inner surfaces 
of the grip 121. Speci?cally, the ?rst plating layer 45 is 
formed on the inner surface of the ?rst inner cover 23, the 
notch 251, the clamp seat 30 and a part of the inner surface 
of the ?rst casing member 13 Where the clamp seat 30 is 
located. The second plating layer 46 is formed on the inner 
surface of the inner cover 26, the notch 281 and a part of the 
inner surface of the second casing member 14 20 that faces 
the clamp seat 30. The plating layers 45, 46 are close to each 
other at the contacting edges of the casing members 13, 14, 
that is, betWeen the edge of the frame 25 and the edge of the 
frame 28. As shoWn in FIG. 5, the ?rst plating layer 45 is 
connected to the shield layer 165 by the clamp 31. In the 
draWings, the dots represent plating and not ?ller. 
As shoWn in FIG. 1, an infrared sensor 38 and a com 

munication circuit 39 are located in the inner support 35 of 
the receptacle 10. The communication circuit 39 actuates the 
infrared sensor 38. The infrared sensor 38 and the commu 
nication circuit 39 form an infrared transmitter-receiver. 
Also, an antenna 40 and a communication circuit 41 are 
located in the inner support 35. The antenna 40 and the 
communication circuit 41 form a radio transmitter-receiver. 
Amagnetic sensor 44 is also located in the support 35. When 
the paddle 11 is completely inserted in the cavity 101 of the 
receptacle 10, the infrared sensor 38 of the receptacle 10 
faces the infrared sensor 18 of the paddle 11, and the antenna 
40 of the receptacle 10 is aligned With the antenna 20 of the 
paddle 11. In the state of FIG. 1, one of the magnets 21, 22 
of the paddle 11 is aligned With the magnetic sensor 44 of the 
receptacle 10. 
The substrate 17, the infrared sensor 18, the communica 

tion circuit 19, the infrared sensor 38 and the communication 
circuit 39 form an infrared communication system. The 
antenna 20, the antenna 40 and the communication circuit 41 
form a radio communication system. The infrared commu 
nication system and the radio communication system can be 
selectively used. A controller 43 of the electricity supplying 
apparatus 42, Which is shoWn in FIG. 1A, uses either the 
radio communication system or the infrared communication 
system While charging the vehicle battery. At this time, the 
controller 43 performs an interlock control procedure and 
monitors the charging state. When the paddle 11 is inserted 
into the receptacle 10 as shoWn in FIG. 1, the magnetic 
sensor 44 is turned on by either magnet 21 or 22. The ON 
state of the magnetic sensor 44 is transmitted to the con 
troller 43 by either the radio communication system or the 
infrared communication system. Accordingly, the controller 
starts charging and monitoring. 
The ?rst embodiment has the folloWing advantages. 
In the state of FIG. 1, some of the noise radiated from the 

poWer lines 161, 162 and the reception coil 37 in the 
receptacle 10 is absorbed by the aluminum casing 34. The 
radiation noise is then converted into a noise current that 
?oWs to the vehicle grounding terminal. Radiation noise that 
heads for the opening 102 from the receptacle 10 is absorbed 
by the frames 25, 28 of the inner covers 23, 26, Which 
substantially closes the opening 102. The noise is then 
converted into noise current that ?oWs to the terminals 341 
and the clamp 31. 
The poWer lines 161, 162 are not covered by the shield 

layer 165 in the container 33. Noise that is radiated from 
these parts of the lines 161, 162 is absorbed by the plating 
layers 45, 46. The absorbed noise is then converted into a 
noise current that ?oWs to the clamp 31. The noise current 
?oWs from the clamp 31 to the grounding terminal of the 
electricity supplying apparatus 42 through the shield layer 
165. 
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As described above, the container 33 is made of conduc 
tive nonmetallic material, or conductive resin. The plating 
layers 45, 46 are made of conductive metal and are not 
exposed from the casing 12 of the paddle 11. The container 
33 and the plating layers 45, 46 absorb noise. Generally, the 
resistance of conductive resin is relatively higher compared 
to conductive metals. Thus, the container 33 signi?cantly 
limits the How of noise current. HoWever, the plating layers 
45, 46 permit noise current to How With little resistance. 
Therefore, radiation noise produced in the paddle 11 and the 
receptacle 10 during charging is effectively prevented from 
escaping from the charger coupling. 

The plating layers 45, 46 must be formed prior to Welding 
the casing members 13, 14 together. The edges of the casing 
members 13, 14, Which include the edges of the frames 25, 
28, are Welded to each other. To facilitate Welding, there is 
a slight clearance betWeen each plating layer 45, 46 and the 
edge of the corresponding casing member 13, 14. HoWever, 
the clearances are so small that the plating layers 45, 46 are 
sufficiently close to each other for electrical contact. Also, 
the plating layers 45, 46 are electrically connected by the 
frames 25, 28. Therefore, the resistance of the clearance is 
negligible. Therefore, noise current in the plating layer 46 
smoothly ?oWs to the clamp 31. 

The conductive metal member functions adequately if it 
includes only thin ?lms. Therefore, the conductive metal 
member is preferably formed by the plating layers 45, 46. 

The poWer lines 161, 162 and the signal lines 163, 164 
must be separated from the cable 16 someWhere in the 
paddle 11. Separating the lines 161, 162, 163 and 164 in the 
plug portion 122 is dif?cult due to the limited space. Thus, 
the lines 161, 162, 163 and 164 are separated in the grip 121. 
The surfaces of the eXposed portions of the poWer lines 161, 
162 are dif?cult to cover With shield layers. The container 
33, Which is made of a conductive resin, effectively prevents 
noise radiated from the lines 161, 162 from escaping. 

The Walls 25A, 28A of the frames 25, 28 substantially 
close the opening 102 and absorb radiation noise escaping 
from the opening 102. Radiation noise that is not absorbed 
by the Walls 25A, 28A is absorbed by the panel 24, 27 and 
the part of the frames 25, 28 other than the Walls 25A, 28A. 
The container 33, Which houses the separated poWer lines 
161, 162 and the signal lines 163, 164, has a double structure 
for blocking radiation noise and therefore effectively pre 
vents radiation noise from escaping from the opening 102. 

The conductive resin inner cover 23 is insert molded With 
the ?rst casing member 13, and the conductive resin inner 
cover 26 is inserted molded With the second casing member 
14. Conductive resin is preferred for forming the conductive 
nonmetal member, Which includes the inner covers 23, 26, 
With the casing members 13, 14 by insert molding. 
A second embodiment of the present invention Will noW 

be described With reference to FIGS. 6 and 7. Like or the 
same reference numerals are given to those components that 
are like or the same as the corresponding components of the 
embodiment of FIGS. 1 to 5. 
As shoWn in FIG. 6, a plating layer 45A of the second 

embodiment is formed on the notches 252 to 255 and partly 
on the inner surface of the plug portion 122 of the ?rst casing 
member 13 in addition to the area of the plating layer 45 of 
the ?rst embodiment. As shoWn in FIG. 7, a plating layer 
46A of the second embodiment is formed on the notches 
formed in the Wall 28A and partly on the inner surface of the 
plug portion 122 of the second casing member 14 in addition 
to the area of the plating layer 46 of the ?rst embodiment. 
As described above, the plating layers 45A, 46A are 

formed on both sides of the Walls 25A, 28A and partly on the 
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6 
inner surface of the plug portion 122 in addition to the area 
of the plating layers 45, 46 in the ?rst embodiment. Like in 
the ?rst embodiment, the Walls 25A, 28A substantially close 
the opening 102 When the paddle 11 is inserted into the 
receptacle 10. In this state, the plating layers 45A, 46A 
prevent radiation noise from escaping from the opening 102 
more effectively than the plating layers 45, 46. 

It should be apparent to those skilled in the art that the 
present invention may be embodied in many other speci?c 
forms Without departing from the spirit or scope of the 
invention. Particularly, it should be understood that the 
invention may be embodied in the folloWing forms. 

In the illustrated embodiments, the ?rst inner cover 23 and 
the ?rst casing member 13 may be integrally formed With a 
nonconductive resin, and the inner cover 26 and the second 
casing member 14 may be integrally formed With a noncon 
ductive resin. 

In the embodiment of FIGS. 1 to 5, the inner covers 23, 
26 may be made of conductive metal and the plating layers 
45, 46 may be omitted. 

In the embodiment of FIGS. 1 to 5, a conductive metal net 
may be embedded in each inner cover 23, 26 and electrically 
connected to the shield layer 165. The nets functions as part 
of the conductive metal member. 

Therefore, the present examples and embodiments are to 
be considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, but 
may be modi?ed Within the scope and equivalence of the 
appended claims. 
What is claimed is: 
1. A paddle of an inductive charger coupling, the paddle 

being connected to a poWer source through a poWer line, part 
of the poWer line being located in the paddle, Wherein the 
paddle is inserted into an opening of a receptacle for 
supplying electricity to a receptacle, the paddle comprising: 

a case; 

a conductive metal member located in the case, Wherein 
the conductive metal member absorbs noise radiated 
from the poWer line in the paddle and converts the 
absorbed noise into a noise current, and 

a conductor for conducting the noise current to the outside 
of the paddle, the conductor being electrically con 
nected to the conductive metal member in the paddle. 

2. The paddle according to claim 1, Wherein, When the 
paddle is inserted into the receptacle opening, the conduc 
tive metal member substantially blocks the opening. 

3. The paddle according to claim 1, Wherein the conduc 
tive metal member comprises a layer of plating. 

4. The paddle according to claim 1, further including a 
conductive nonmetal member for supporting the conductive 
metal member. 

5. The paddle according to claim 4, Wherein the conduc 
tive nonmetal member comprises a conductive resin. 

6. The paddle according to claim 4, Wherein the conduc 
tive nonmetal member comprises a container that substan 
tially surrounds part of the poWer line, and Wherein at least 
part of the conductive metal member is located on the inner 
surface of the container. 

7. The paddle according to claim 6, Wherein the case 
comprises a ?rst case member and a second case member, 
the container includes a ?rst inner cover, Which is ?Xed to 
the ?rst case member, and a second inner cover, Which is 
?Xed to the second case member, Wherein the conductive 
metal member is a ?rst conductive metal member, Which is 
located in the ?rst inner cover, and Wherein the paddle 
further comprises a second conductive metal member, Which 
is ?Xed to the second inner cover. 
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8. The paddle according claim 1, wherein the conductor is 
connected to a grounding terminal. 

9. The paddle according to claim 8, Wherein the paddle is 
connected to a cable, and Wherein the poWer line is one of 
a plurality of lines located in the cable. 

10. The paddle according to claim 9, Wherein the con 
ductor comprises a shield that is located in the cable, and 
Wherein the shield surrounds the lines. 

11. The paddle according to claim 10, Wherein the lines 
are eXposed from the shield and are separated at a separation 
location Within the paddle, and Wherein the conductive 
metal member substantially surrounds the separation loca 
tion. 

12. Apaddle of an inductive charger coupling, the paddle 
being connected to a poWer source through a poWer line, part 
of the poWer line being located in the paddle, Wherein the 
paddle is inserted into an opening of a receptacle for 
supplying electricity to a receptacle, the paddle comprising: 

a case; 

a conductive metal member located in the case, Wherein 
the conductive metal member absorbs noise radiated 
from the poWer line in the paddle and converts the 
absorbed noise into a noise current; 

a conductor for conducting the noise current to the outside 
of the paddle, the conductor being electrically con 
nected to the conductive metal member in the paddle, 
and 

a conductive resin member located in the paddle, Wherein 
the conductive resin member supports the conductive 
metal member. 

13. The paddle according to claim 12, Wherein, When the 
paddle is inserted into the receptacle opening, the conduc 
tive metal member substantially blocks the opening. 

14. The paddle according to claim 12, Wherein the con 
ductive metal member comprises a layer of plating. 
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15. The paddle according to claim 12, Wherein the con 

ductive resin member comprises a container that substan 
tially surrounds part of the poWer line, and Wherein at least 
part of the conductive metal member is located on the inner 
surface of the container. 

16. The paddle according to claim 15, Wherein the case 
comprises a ?rst case member and a second case member, 
the container includes a ?rst inner cover, Which is ?xed to 
the ?rst case member, and a second inner cover, Which is 
?Xed to the second case member, Wherein the conductive 
metal member is a ?rst conductive metal member, Which is 
located in the ?rst inner cover, and Wherein the paddle 
further comprises a second conductive metal member, Which 
is ?Xed to the second inner cover. 

17. The paddle according claim 12, Wherein the conductor 
is connected to a grounding terminal. 

18. The paddle according to claim 17, Wherein the paddle 
is connected to a cable, and Wherein the poWer line is one of 
a plurality of lines located in the cable. 

19. The paddle according to claim 18, Wherein the con 
ductor comprises a shield that is located in the cable, the 
shield surrounding the lines, Wherein the lines are eXposed 
from the shield and are separated at a separation location 
Within the paddle, and Wherein the conductive metal mem 
ber substantially surrounds the separation location. 

20. Apaddle of an inductive charger coupling, the paddle 
being connected to a poWer source through a poWer line, part 
of the poWer line being located in the paddle, Wherein the 
paddle is inserted into an opening of a receptacle for 
supplying electricity to a receptacle, the paddle comprising 
means for preventing radiation noise from escaping from the 
paddle and the receptacle. 
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